We have previously identified a Brucella melitensis 28 kDa cytosoluble protein (CP28) which was highly immunogenic in infected sheep and which in addition made possible the serological differentiation between infected and B. melitensis Rev.1 vaccinated sheep. Monoclonal antibodies against CP28 were used to screen a B. melitensis 16M genomic library and to clone the corresponding gene. DNA sequencing of the gene encoding CP28 of B. melitensis 16M revealed that it was nearly identical to that of the recently published 6~~26 gene of Brucella abortus vaccine strain S19 coding for a periplasmic protein. The differences between the B. melitensis 16M gene and that of B. abortus S19 consisted of single nucleotide substitutions, one or two codon deletions, one codon addition, and most importantly a 21-bp deletion. The corresponding region of B. abortus S19 contains two IO-bp direct repeats which could have been involved in the genesis of the deletion.
Introduction
Brucellae are Gram-negative intracellular bacterial pathogens of both humans and animals. The main etiologic agent in ovine brucellosis is Brucellu melitensis, which may cause abortion in sheep result-
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Lettrrs 140 f search in the field of ovine brucellosis is focusing on the identification of protein antigens useful for diagnosis.
In a previous study, we identified by immunoblotting a number of B. melitensis cytosoluble proteins, mainly proteins ranging in apparent molecular mass from 10 to 32 kDa, which made possible the serological differentiation between infected and B. melitensis Rev.1 vaccinated sheep [4] . Among these proteins, a 28-kDa cytosoluble protein (CP28) seemed to be the most interesting for the development of new diagnostic tests according to the number of infected animals detected [4] . This was further confirmed by indirect ELISA using partially purified CP28 as antigen [5] . In the present study, we describe the cloning and sequencing of the gene coding for the CP28 of the B. melitensis strain 16M (reference strain).
Materials and methods

Bacterial strain
Brucella melitensis strain 16M (biovar 1 reference strain [6] ) was obtained from the Brucellu culture collection maintained by J.-M. Verger and M. Grayon at the Institut National de la Recherche Agronomique, Laboratoire de Pathologie Infectieuse et Immunologie, Nouzilly, France.
Monoclonal antibodies (MAbs)
MAbs to CP28 were derived from BALB/c mice infected with B. melitensis strain H38 (biovar 1 smooth virulent strain) [7] . Briefly, five 8-week-old female BALB/c mice were intraperitoneally infected with 10' CFU of B. melitensis strain H38. Three months post infection, the mice were boosted intravenously with 30 pg of partially purified CP28 prepared by preparative SDS-PAGE from B. melitensis B 115 cytosoluble protein extract (CPE) [4, 5] . The following day an intraperitoneal boost with 300 Fg of B. melitensis B 115 CPE and an intravenous injection with 40 p.g of CP28 was given. Two days after the last booster injection, spleen cells were fused with cells of the X63 nonsecreting myeloma cell line at a ratio 5:l. After fusion, cells were suspended in selective hypoxanthine-aminopterin-thymidine-containing medium and seeded in 96-well microtiter plates at 10' splenocytes per well. Anti-Brucellu hybridomas (tissue culture supernatants diluted l/3) were screened by ELISA using B. melitensis B 115 CPE and CP28 as antigens. Specificity of the MAbs was determined by SDS-PAGE and immunoblotting as described previously [7] . Hybridoma of interest were cloned by the limiting-dilution technique.
DNA and libray preparation and immunoscreening
DNA from B. melitensis 16M was extracted as described previously [8] . The genomic library was constructed in lambdaGEM@-XhoI half-site arms (Promega, Madison, WI) following the instructions of the manufacturer. Briefly, B. melitensis 16M DNA was partially digested for 30 min at 37°C with Sau3AI (Promega) at 0.014 U/p.g of DNA, the enzyme concentration giving the highest percentage of fragments ranging from 15 to 23 kb. DNA fragments were partially filled-in with dGTP and dATP. using Klenow DNA polymerase (Promega), and ligated with T4 DNA ligase (Promega) to lambda-GEM@-12 digested with X/z01 and partially filled-in with dTTP and dCTP. Recombinant phage DNA was packaged into phage lambda particles by using the Packagene@ System (Promega).
The library was titrated by determination of the number of plaque forming units (PFU) after infection of E. coli KW25 1 cells (Promega) that were spread on plates containing LB medium supplemented with tetracycline (15 pg ml-') and 10 mM MgSO,.
The B. melitensis 16M genomic library constructed in lambdaGEM@-12, after infection of E. coli KW25 1 cells, was screened following transfer to nitrocellulose filters (Millipore) with anti-CP28 MAbs. Binding of MAbs was detected by using rabbit anti-mouse immunoglobulin antiserum (Nordic Immunology, Tilburg, The Netherlands) and peroxidase-conjugated protein A (Sigma, St. Louis, MO) as previously described for immunoblotting [7, 17] . Peroxidase activity was revealed with the development kit from Bio-Rad S.A., Paris, France, containing 4-chloro-1 -naphthol, according to the manufacturer's instructions. Positive plaques were removed from the plates and rescreened several times until all of the plaques recovered reacted positively with the MAbs.
Subcloning and DNA sequencing
DNA of recombinant phages expressing CP28 was recovered following the protocol of Maniatis et al. for the rapid, small-scale isolation of lambda DNA [9] . Phage DNA was then cut with Not1 and restriction fragments were ligated into pGEM-SZf+ (Promega) cut with NorI. Competent E. coli JM109 cells (Promega) were transformed with recombinant plasmid DNA as described by Maniatis et al. [9] and spread on LB-ampicillin (50 kg ml-') plates containing IPTG and X-gal. E. coli JM109 colonies bearing recombinant plasmids were replated and then screened by using the anti-CP28 MAbs in a colony blotting technique. One positive colony was further selected for restriction analysis of the insert containing the gene coding for CP28. Restriction analysis was done with the following enzymes of the multiple cloning site sequence of pGEM-5Zf+: NotI, EcoRV, NcoI, SacII, ApaI, and NsiI. The smallest fragment still expressing the CP28 encoding gene was further subcloned into pGEM-7Zf+ (Promega). The dideoxy chain termination method of Sanger et al. [IO] , as adapted for automated one lane sequencing (ABI), was employed for DNA sequencing of both strands of the insert.
Protein production and characterization
Protein production in E. coli was demonstrated by SDS-PAGE and immunoblotting with the anti-
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I kb j pCP2800 -CP28 MAbs as described previously [7, 17] . Presence of antibody to CP28 in sera from either naturally infected or B. melitensis H38 experimentally infected sheep [4] was also determined by SDS-PAGE and immunoblotting of the recombinant E. coEi cells producing CP28.
3. Results and discussion
Cloning of the B. melitensis gene coding for CP28
After immunoscreening with the anti-CP28 MAbs of the B. melitensis 16M genomic library constructed in lambdaGEM@-12, one positive plaque was selected for subcloning of the insert cut by Not1 into pGEM-SZf+ resulting in a plasmid named pCP2800. This plasmid contained a large Not1 insert of about 20 kb. Further subclonings into pGEM-SZf+ or pGEM-7Zf+, restriction enzyme analysis, and control of expression of the subclones by use of the anti-CP28 MAbs revealed that the gene was located on a 1.6-kb NcoI-ApaI fragment (Fig. I) . The pGEM-7Zf+ plasmid containing this fragment was named pCP280 1.
Nucleotide sequencing
Nucleotide sequence of the insert of pCP2801 was determined and submitted to GenBank with the accession number U45996. Nucleotide sequence analysis revealed an open reading frame of 750 nucleotides which was nearly identical to that of the recently published bp26 gene of B. abortus vaccine strain S 19 coding for a periplasmic protein [ 1 11 (Fig.  2 ). The differences with that of B. abortus S19 consisted of single nucleotide substitutions, one or two codon deletions, one codon addition, and most importantly a 21-bp deletion.
The region of the 2 I-bp deletion found in the bp26 gene of B. melitensis 16M contains two IO-bp direct repeats in the bp26 gene of B. abortus S19 (Fig. 2) . Only one of these repeats remains in the bp26 gene of B. melitensis 16M. Such an observation was also made for the 702 bp long deletion found in the erythritol catabolic gene of B. abortus S 19, which in this case occurred between two short direct repeats of 13 bp [ 121. These naturally occurring deletions have also been reported in other Gram-negative bacteria like E. coli [ 13, 141 and in bacteriophages [ 14, 151 . The deletions generally occur between two short direct repeats of 5-17 bp. The deletion could arise during DNA synthesis by a mechanism called 'slipped mispairing' [ 13-151. The DNA polymorphism of the bp26 gene could be of interest for molecular typing purposes. This could be verified on a large number of Brucella strains for instance by use of PCR-RFLP as was previously done for the major outer membrane protein genes of Brucellu spp. [ 161. The nucleotide substitutions in the B. melitensis 16M bp26 gene relative to the B. abortus S 19 bp26 gene altered the predicted amino acid sequence for a few amino acids (Fig. 3) . But these few amino acid changes will probably not influence the diagnostic significance of the protein since antibody to the B. abnrtus S 19 BP26 protein were detected in sera from infected sheep [l l] which are mostly infected by B. melitensis. The 21-bp deletion (coding for 7 amino acids) could possibly have a greater importance and perhaps cause antigenic shift in particular for discontinuous epitopes. We made such an observation for the major 25kDa outer membrane protein (Omp25) of Brucella ouis in which a short deletion of 12 amino acids relative to the other Brucella species significantly altered the binding of MAbs directed to discontinuous epitopes of 0mp25 of the other Brucella species [ 171.
Expression and serum reactivity
SDS-PAGE and immunoblotting
of recombinant E. coli expressing the B. melitensis 16M bp26 gene revealed, by use of the MAbs, the presence of a double band around 28 kDa (Fig. 4) [l 11, and the lower band the processed periplasmic protein [l I]. In B. melitensis cell lysates, only the lower molecular mass band was revealed (data not shown) indicating, as was also suggested by Rossetti et al. [ll] , that in Brucella cells the protein is processed more efficiently. It is also possible that in E. coli cells, due to overproduction from a high copy number plasmid, accumulation of the BP26 protein has toxic effects on cell growth and that therefore a fraction of the BP26 preprotein is not cleaved. The toxic effects of BP26 overproduction that we observed by electron microscopy consisted in cell filamentation and cell lysis (data not shown).
The double band seen in SDS-PAGE was also revealed by antibody of sera of either naturally infected or B. melitensis H38 experimentally infected sheep (Fig. 4) and not by sera of Brucella-free sheep (not shown), confirming its diagnostic importance in ovine brucellosis.
In conclusion, the previously identified B.
melitensis CP28 immunodominant antigen [4, 5, 7] is nearly identical to the B. abortus BP26 antigen reported by Rossetti et al. [l 11 . The name of BP26 should therefore be retained. The fact that two independent laboratories have identified the same immunodominant antigen either in the field of bovine [l 11 or ovine [4, 5, 7] brucellosis emphasizes the importance of BP26 as diagnostic antigen.
